The monthly variation of Greek water buffaloes' grazing behaviour was investigated at the Lake Kerkini National Park in Greece. Direct observations were carried out on six female buffaloes for two consecutive days every month for a one-year period, and the time spent (in minutes) on their grazing-related activities (feeding, moving, wallowing, standing, ruminating, drinking, and lying) was recorded. Moreover, social and aggressive interactions and selfgrooming were recorded as number of events. Also, the daily distance travelled by buffaloes was recorded with a handheld GPS. Buffaloes travelled on average 6.9 km/day, and they walked their longest distance in June (10.7 km/day) and their shortest in September (2.9 km/day). They spent more time (P<0.05) on feeding (309.2 min/day) compared to moving (121.7 min/day), wallowing (27.9 min/day), standing (20.2 min/day), ruminating (15.4 min/day), drinking (4.7 min/day) and lying (4.2 min/day). Greek water buffaloes seem to be sociable rather than aggressive animals as they devote to these activities on average 18.2 vs 0.5 events/day. We can conclude that the animals adjust their grazing behaviour to climatic conditions and the availability of forage resources.
Introduction
Low intensity farming systems and traditionally managed pastures are of crucial importance for biodiversity conservation in Europe (Dengler et al. 2014 , Sutcliffe et al. 2015 . Traditional grazing by local breeds should be considered as one of the most adequate options to achieve a proper management of biodiversity and related ecosystem services in grasslands , Jerrentrup et al. 2015 . Most information concerning low intensity grazing systems are provided in relation to cattle and/or sheep grazing (Metera et al. 2010 , Jerrentrup et al. 2015 , Török et al. 2016 , while information on other types of grazing animals, such as Mediterranean river buffaloes, are rather scarce (but see Napolitano et al. 2007) .
Water buffaloes (Bubalus bubalis) have been an integral part of Greek livestock farming since the end of the 19 th century. These animals are considered as the last representatives of the Mediterranean sub-type of the River buffalo, which have developed some unique morphological and performance characteristics due to their geographic isolation for many years (Georgoudis et al. 1998) . They are called Greek water buffaloes as the buffaloes of the European countries are known by the name of the country in which they are raised (Cockrill 1977) .
The total population of Greek water buffaloes has dramatically declined from 70000 animals counted at the end of 1950s (National Statistical Service of Greece 1960) to 3128 (Greek Buffalo Breeders Livestock Cooperative 2011) . For this reason, they are characterised as an endangered-maintained local breed (FAO 2007) . Nowadays, water buffaloes are mainly distributed in the northern, central and western part of the country. However, the majority of them (2520 heads -80% of their population) is concentrated around the Lake Kerkini National Park in Northern Greece.
Traditionally, the buffalo farming system has been practised extensively, based on grazing of natural grasslands for 6-7 months.To counterbalance the feed gap, farmers utilise complementary forage resources, such as forage crops (alfalfa, barley, wheat, rye and oats) and crop residues (maize, wheat, barley and sunflower) after harvesting. They also utilise purchased feedstuffs, mainly roughages and concentrates, during the entire period of the year in order to improve animal performance (Tsiobani et al. 2013) . Herds are pure, and they are permanently herded. The role of the herder is to lead the animals to grazing lands, to hinder them from entering privately-owned cultivated areas and to ensure their return to the stable in the evening.
Research concerning the water buffaloes in Europe has mainly focused on productive characteristics (Buffoni et al. 2011) , genetic improvement (Moioli et al. 2001 ) and the impact of their grazing on wetlands (Georgoudis et al. 1998 , Kazoglu & Papanastasis 2001 , Wiegleb & Krawczynski 2010 . Antkowiak et al. (2012) investigated the behaviour of water buffaloes during grazing on meadows and pastures in Poland, while in a recent review, Napolitano et al. (2013) presented the behaviour and welfare of dairy water buffaloes in confinement and in extensive conditions. In general, data concerning water buffaloes' activities during grazing are very limited, and in their review, Napolitano et al. (2013) emphasised the lack of knowledge in buffaloes' social behaviour as well as in other aspects. The aims of this study were to determine the monthly variation of: (a) the grazing routes of water buffaloes and the distances travelled, (b) the time devoted by the animals to the activities of feeding, moving, wallowing, standing, ruminating, drinking and lying during grazing and (c) their social, self-grooming and aggressive behaviour.
Material And Methods

Study Area
The research was conducted at Limnochori (longtitude 23°12'11.24"E, latitude 41°12'19.23"N, altitude 41 m asl) located at the Lake Kerkini National Park in Northern Greece from November 2011 to October 2012. The Lake Kerkini is one of the ten wetlands in Greece of international importance, protected by the Ramsar Convention. Limnochori is a common rural lowland village lying at the east side of the Lake.
The climate of the area is characterised by hot dry summers and cold wet winters. During the study period, the hottest months were July (30.2 °C) and August (28.3 °C), while the coldest ones were January (3.8 °C) and February (4.7 °C). The total rainfall surpassed 570 mm (Lake Kerkini Management Authority 2012).
Vegetation The study area was heavily grazed (2.15 AU/ha/year) by livestock (buffaloes, cattle and small ruminants) as reported by Yiakoulaki et al. (2015) . The intensity of livestock grazing highly influences the impact on grasslands (Papanastasis et al. 1998 , 2016 . Long-term heavy grazing of water buffaloes in the study area may have affected the cover and the botanical composition of grasslands, but to our knowledge, there is no published evidence for this. Water buffaloes are considered grazers rather than browsers, and they usually select a wider range of plant species compared to cattle (Napolitano et al. 2013) . Tall grasses such as Sorghum halepense, Festuca arundinacea and Phragmites australis as well as the annual leaves and shoots of Quercus coccifera, Sambucus nigra and Phillyrea latifolia are highly preferred by them according to Tsiobani et al. (2014) . The selective grazing of water buffaloes may suppress the growth of tall grasses and affect the shape and the height of woody species.
Animals and Management Facilities
In the study area, the average size of grazing buffalo herds was 185 animals according to the Greek Buffalo Breeders Livestock Cooperative (2011). The herds consisted mainly of females, while a few males co-existed only for reproduction purposes. A herd of 40 Greek water buffaloes was used for the purposes of this study. The male animals weighed 575 kg on average, the females 475 kg. They were raised only for meat, and their milk was exclusively left for suckling calves. The stable was placed just beside the Lake Kerkini, and it was protected by an electric fence. The animals had free access to water and trace mineralised salt blocks. Supplements were not provided to them four days before as well as during the observation days so that their grazing behaviour was not affected.
Data Collection and Analysis
A focal sampling technique (Altman 1974 ) was applied to six adult (four years old) female buffaloes, which were marked with large numbers on their sides for identification. During the 12-month study period, the animals were followed continuously by two observers for two consecutive days per month. They were observed from an approximate distance of 3-4 m in order not to be disturbed during grazing.
The observers were equipped with stop watches and one-hour observation protocol forms, which were divided into six observation periods of 10 minutes each. The six experimental animals were observed in sequence during the observation hour (one 10-minute observation period per hour and animal), and their grazing-related activities were recorded every 15 seconds. Grazing-related activities were defined as follows: feeding (grazing or browsing while walking or standing), moving (walking or running without grazing), wallowing (time spent in the water of the Lake or in mudholes), standing (the time that animals ceased all their activities and stood inactive), ruminating (time spent on rumination), drinking (time spent on drinking) and lying (sitting without feeding or ruminating). In addition, during each 10-minute observation period, other activities such as social interactions (nursing, sniffing, licking and nuzzling conspecifics), self-grooming (scratching on a tree or itself ) and aggressive interactions (pushing, butting and threatening conspecifics) were recorded as number of events. The observation hours varied among months. For each grazing day, there were six to eleven observation hours. The total daily duration was 6 hours in autumn, 11 in summer, 7 in winter and 9 in spring. A total of 1212 10-minute individual recordings were obtained.
During the first observation day of each month, the track of the herd was recorded every ten minutes by an observer who used a handheld Global Positioning System device (Garmin e-Trex Vista; Garmin, Schaffhausen, Switzerland). The tracks were imported into ArcGIS desktop 10.0 (Esri, Redlands, CA, USA), and segments of 10-minute sampling intervals were detected. Each segment was overlaid with a detailed land use map, which was derived from IKONOS images (acquisition date November 2007) . The result was the herd's linear route and the distance travelled each month. For easier understanding, the routes were highlighted in different colours.
Data were analysed using the ANOVA method according to a linear model involving three factors within animals with repeated measures (Girden 1992) : factor "month" with 12 levels, factor "day" with two levels and factor "activities" with seven levels for the grazing-related activities data and three levels for the other activities data. Within a given day, different animals served as replications. The Least Significant Difference (LSD) criterion was used for means comparison. Tabulated data for grazing-related activities were presented as average minutes per day. Prior to ANOVA, other activities data (number of events) were transformed to square roots in order to achieve normality and homogeneity of error variances; mean values were back-transformed. In all hypothesis-testing procedures, the significance level was set at P < 0.05. All statistical analyses were performed with SPSS v.20 software (SPSS Inc., Ill: Chicago, USA). 
Results
Routes and Distances Travelled by Buffaloes
The routes travelled by buffaloes throughout the year are shown in Figure 1 . The average distance travelled daily by buffaloes was 6.9 km. The longest distance was recorded in June (10.7 km/day), the shortest in September (2.9 km/day). Grasslands were located along the lakeside, where buffaloes grazed from May to July. During the remaining months of the year (August to April), buffaloes also grazed on agricultural land (forage crops and crop residues).
Buffaloes' grazing-Related Activities
The ANOVA showed that the main effect of the factors "activity" and "month" was statistically significant (P<0.001 for both effects). The interaction effect between the factors "activity" and "month" was also statistically significant (P<0.001). The main effect of the factor "day" and its interaction with the factors "month" and "activity" were not statistically significant (P>0.05). Feeding was the predominant grazing-related activity (P<0.05) of buffaloes, followed by moving, wallowing, standing, ruminating, drinking and lying (Table 1 ). Moving was also significantly different (P<0.05) from all the other activities, while no significant differences (P>0.05) were found between wallowing and standing as well as drinking and lying. Ruminating was significantly different (P<0.05) from all the other activities except standing.
Monthly variations of time spent by buffaloes were found for all grazing-related activities. Buffaloes spent more time on feeding (P<0.05) in May than all the other months (Figure 2a ). The shortest duration of feeding (P<0.05) was observed in November. They devoted more time (P<0.05) on moving in November, July and August compared to the other months, but there were no significant differences (P>0.05) among them (Figure 2b ). The duration of wallowing was longer during the summer months (June, July and August); however, no significant differences (P>0.05) were observed among them. Shorter durations of wallowing were observed during March, April, September and October, with no significant differences among them (P>0.05). Buffaloes did not wallow at all from November to February (Figure 2c ). Concerning the activity of standing, higher values (P<0.05) appeared during July, August and October, lower ones during December, February and March. No significant differences (P>0.05) were detected for this activity during November, January, April, May, June and September compared to the other months (Figure 2d ). The highest values of buffaloes' rumination appeared in June and July; they were significantly different (P<0.05) from those in November, January, March, April and May. The lowest duration of this activity appeared in March, while no rumination was observed during December and February (Figure 2e ). Concerning the activity of drinking, no monthly variations (P>0.05) were detected. The highest value of this activity was observed in July (P<0.05), the lowest in December ( Figure 2f ). As far as lying is concerned, it was not observed during November, March and May (Figure 2g) , while for the rest of the months, no statistically significant differences were detected (P>0.05).
Buffaloes' Other Activities
The ANOVA showed that the main effect of the factors "activity" and "month" was statistically significant (P<0.001 and P<0.05, respectively). The interaction ef- 
Discussion
Research concerning water buffaloes in Europe mainly focused on other aspects (Buffoni et al. 2011 , Moioli et al. 2001 , Georgoudis et al. 1998 , Kazoglu & Papanastasis 2001 , Wiegleb & Krawczynski 2010 rather than their behaviour during grazing. Specifically, data about the grazing routes and the distances travelled by water buffaloes throughout the year in order to satisfy their nutritional needs are very limited . In this regard, the cited authors reported that the distance covered by buffalo heifers grazing in a fenced Mediterranean maquis area (approximately 40 ha) was 2.0 km/ day on average. They also found shorter distances travelled during summer (1.6 km/day) compared to spring (2.8 km/day). To the contrary, we found that the buffaloes travelled 6.9 km/day on average, walked longer distances during June (10.7 km/day) and July (9.2 km/ day) and the shortest in September (2.9 km/day). The longer distances could be attributed to low forage quality and availability. In this regard, Papanastasis et al. (2008) stated that forage of herbaceous species in Greece is limited or dormant during the summer period. Due to high air temperatures, the grazing animals searched for water to drink and wallow as well as for shadow to rest and to be protected from the sun. In the present study, the shortest distance recorded in September was probably a result of parturitions, which occurred during this month, and of high availability of crop residues in the fields located near the stable. It is known that the daily grazing patterns of buffaloes and distances travelled were affected by the herder himself (Schlecht et al. 2006) , who guided the animals to the optimal and accessible grazing areas according to his judgment. However, as soon as the animals approached these areas, they were left free to graze without the herder's influence (Arnon et al. 2011 ).
In extensive conditions, feeding was the most common activity of water buffaloes as they spend 62% of their fect between the factors "activity" and "month" was also statistically significant (P<0.05). The main effect of the factor "day" and its interaction with the factors "month" and "activity" were not statistically significant (P>0.05).
Social interactions were the main other activities of buffaloes, followed by self-grooming and aggressive interactions (Table 1) . Statistically significant differences (P<0.05) were found among these activities. According to the data presented in Table 2 (see also Figure 3 ), so-
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Number of events/day grazing-related activities on it. This result is in accordance with Antkowiak et al. (2012) , who found that water buffaloes grazing in Poland devoted 58.6% of their activities to feeding. Napolitano et al. (2007) and Schultz (1977) also mentioned that buffaloes spend most of their time in feeding, but they reported lower values for this activity (48% and 27%, respectively). In our study, buffaloes spent 25% of their grazing day on the activity of moving in search of available forage resources, water and shade. Concerning this activity, Napolitano et al. (2007) reported a lower value (10%) for the Italian buffalo heifers. However, it must be taken into account that the cited authors observed grazing animals in a restricted area of 40 ha, whereas in our study, buffaloes were grazing in the communal grasslands of the village. The time devoted by buffaloes to moving is considered high, and this should be taken into account in the future grazing management plans, as this activity is related to animals' energy expenditure (Lin et al. 2011 ). In our study, buffaloes devoted less time (5%) to the activity of wallowing in comparison with the results of Antkowiak et al. (2012) , who found 13%. Buffaloes devoted more time to the activity of wallowing during summer than during spring and autumn in order to cool down. This behaviour helps them to remove heat (due to limited sweat glands, buffaloes are unable to dissipate excess body heat through sweating (Hafez & Shafei 1954) ). Also, wallowing seems to have a protective effect against biting flies and other ectoparasites (BOSTID 1981) . Buffaloes devoted to the activity of standing 4% of their grazing-related activities. They spent most time on this activity in July and August, when buffaloes, due to the high temperatures, sought shade under trees. Another period with noticeable standing values was observed in October, probably because the animals nursed their heifers while standing. The above results concerning this activity are in accordance with the findings of Napolitano et al. (2007) , who reported that buffaloes displayed higher levels of inactivity in summer and autumn. Buffaloes spent 3% of their time on ruminating. This result is in contradiction with Napolitano et al. (2007) and Antkowiak et al. (2012) , who reported higher values for this activity (23% and 28%, respectively). The low value of buffaloes' rumination observed in our study could be attributed to the normal practice of the farmers to shelter the animals in the stable during the night, where they have long time for rumination, but not for feeding. Rumination was most intensive in June and July (6.5% and 6.1% of their grazing-related activities, respectively). During this period, the biomass of herbaceous species is of low quality (Papanastasis et al. 2008) , and the animals need more time for remastication to reduce the particle size (Demment et al. 1987 ). Increased rumination activity was also observed during August, September and October (3.3%, 4.7% and 4.6% of their time, respectively). In these months, buffaloes consumed mainly crop residues (maize, wheat, barley and sunflower), which are also feed of low nutritive value. Drinking and lying were the least-frequent grazing-related activities as buffaloes spent only 0.94% and 0.84% of their time on them, respectively. They devoted more time to the activity of drinking during summer, apparently due to higher temperatures. Ryan & Jordaan (2005) reported that the African buffaloes devoted almost 3% of their grazing activities to drinking, with slightly higher values in the dry period than in the wet one. The high ambient temperatures in June and July also affected the activity of lying: buffaloes were exhausted by the long distances they had to travel under the sun in order to cover their nutritional needs, so they spent more time on this activity.
Selfgrooming
Aggressive interactions
Social interactions
The findings of the present study indicate that buffaloes tend to be sociable animals rather than aggressive ones. Reinhart (1985) reported that 85% of the American buffaloes' disputes were harmless, while only 15% were really aggressive. The highest frequency of social interactions was recorded in August and October, probably due to the mating period and the entrance of the newborn buffaloes into the herd, respectively. In this regard, Napolitano et al. (2007) mentioned that seasons do not affect the number of social and aggressive interactions of the Italian buffalo heifers. However, in our study, monthly variation was not detected for the aggressive interactions only. The increased values of aggressiveness that appeared in November can be understood by the low availability of crop residues in the fields during the late autumn period. In general, the expression of aggressiveness increases with limited space allowance (de Rosa et al. 2008 , Napolitano et al. 2013 . However, this is not the case for extensive grazing as there are no space limitations. The higher values of self-grooming observed during April, specifically scratching on trees, can be attributed to the buffaloes' intention to mark their grazing area under conditions of forage affluence.
Conclusions
In our study, we found that feeding was the main grazingrelated activity of water buffaloes, followed by moving, wallowing, standing, ruminating, drinking and lying. Buffaloes spent a quarter of their time on the activity of moving. This finding as well as the fact that they travelled long distances throughout the year should be considered in future grazing management plans. Monthly variations of time spent by buffaloes were observed for all grazing- Water buffaloes grazing behaviour at the Lake Kerkini National Park, Northern Greece related activities, except drinking and lying. Variations were also found for social interactions and self-grooming activities during the year, except for aggressiveness, which was the least observed activity. Thus, it can be concluded that Greek water buffaloes are sociable rather than aggressive animals. The extensive grazing of this local breed has a long tradition and plays an important role in the management and conservation of grasslands. The Greek water buffaloes naturally adapted to the environment of the Lake Kerkini National Park adjust their grazing activities as well as their daily movements according to climatic conditions and the availability of forage resources. Extensive grazing of water buffaloes and grassland management can be linked with the protection of this endangeredmaintained local breed.
